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The AsiaSafe Asian Oceanian Symposium at the 2024 RCRT-RST Annual Congress 
discussed the situation and the role of radiology in patient dose reduction and  
optimization using Diagnostic Reference Levels (DRLs) as a common language. 
The scientific committee of the Royal College of Radiologists of Thailand (RCRT) 
and Radiological Society of Thailand (RST) established the Collaboration Symposia  
to discuss hot health-related topics with participating Asian Radiological societies. 
At the 2024 RCRT-RST Collaboration Symposia, different views, initiatives, and 
ideas were presented by representatives from societies.
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Main messages

 • Diagnostic reference levels (DRLs) can be adopted as a common language  
 in promoting optimization as well as a practical tool and general guideline  
 for clinical operations,
 • DRLs was first proposed in 1990 by the International Commission on  
 Radiological Protection (ICRP), typically set at the 75th percentile of the  
 dose distribution from a survey conducted across a wide user base,
 • DRLs is typically used for identifying situations where the levels of patient  
 dose are unusually high,
 • DRLs are not for regulatory or commercial purposes, not a dose restraint  
 and not linked to limits or constrants,
 • It is essential to ensure that the image quality appropirate for the diagnostic  
 purpose is achieved when changing patient doses and the optimization  
 must balance the image quality and the patient dose,
 • Establishing the national DRL is somewhat chanllenging and needs to  
 adapt to fit the situation in each country.
 • Several countries in Asean Oceanian region have been embarking on  
 various stages of DRLs development and implementation.
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The Asian Symposia were established by the Royal College of Radiologists of  
Thailand (RCRT) and Radiological Society of Thailand (RST) scientific committee  
with the aim to discuss currently hot health-related topics of Asian Oceanian 
countries. The symposia were held in the second day of 2024 RCRT-RST and  
participation was by invitation only (Figure 1). The proposed topics discussed  
in the 2024 RCRT-RST Asian Symposia were hepatocellular carcinoma,  
cholangiocarcinoma, prostate cancer, and diagnostic reference level (DRL).

The following societies delivered a presentation and subsequently submitted a 
written report summarizing the point of view of their respective country or region. 
The societies included the College of Radiology, Academy of Medicine of Malaysia 
(MCoR), the Korean Society of Radiology (KSR), the Taiwan Radiological Society 
(TRS), and the Royal College of Radiologists of Thailand (RCRT) – Radiological 
Society of Thailand (RST). 

Introduction

Figure 1. The authors and some participants from organizations related  
to radiation safety in Asian Symposia during the RCRT-RST annual 
meeting on 9 February 2024 in Bangkok, Thailand.
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The Asian Symposia were established by the Royal College of Radiologists of  
Thailand (RCRT) and Radiological Society of Thailand (RST) scientific committee  
with the aim to discuss currently hot health-related topics of Asian Oceanian 
countries. The symposia were held in the second day of 2024 RCRT-RST and  
participation was by invitation only (Figure 1). The proposed topics discussed  
in the 2024 RCRT-RST Asian Symposia were hepatocellular carcinoma,  
cholangiocarcinoma, prostate cancer, and diagnostic reference level (DRL).

The following societies delivered a presentation and subsequently submitted a 
written report summarizing the point of view of their respective country or region. 
The societies included the College of Radiology, Academy of Medicine of Malaysia 
(MCoR), the Korean Society of Radiology (KSR), the Taiwan Radiological Society 
(TRS), and the Royal College of Radiologists of Thailand (RCRT) – Radiological 
Society of Thailand (RST). 

Emeritus Professor Kwan Hoong Ng, AsiaSafe chairman and representative of the 
College of Radiology, Academy of Medicine of Malaysia

With a recorded population of 34.3 million in 2023, Malaysia can be considered 
a relatively small country in Southeast Asia after Singapore with a middle- to 
high-income status. Its doctor to people ratio is 2.3 per 1,000 people (The World 
Bank, 2023) and the nation’s healthcare system has been upgraded from Healthcare  
Level (HCL) 2 to HCL 1 by the United Nations Scientific Committee on the  
Effects of Atomic Radiation (UNSCEAR) in 2022. In the field of radiology and 
nuclear medicine, the country has approximately 650 serving radiologists, or 0.01  
radiologists for every 1,000 people, which is still a rather small figure compared 
with Australia and Europe (UNSCEAR 2022).

The Malaysian public healthcare system comprises a comprehensive network of 
clinics, hospitals and preventive health centres. According to the 2019 National  
Radiological Services Operational Policy published by the Medical Development  

The Situation in Malaysia

Supakul N., et al.
ASEAN J Radiol 2024; 25(1) : 65-84



THE ASEAN JOURNAL OF RADIOLOGY

Volume XXV Number I JANUARY-APRIL 2024 69

ISSN 2672-9393

Division of the Health Ministry (MoH), radiological services have been made 
available at all general hospitals nationwide.  Additionally, these services are 
also extended to 27 private specialist hospitals, 28 specialist clinics and 219  
government health clinics (MoH, 2019). 

As radiology grows and more patients are being subjected to procedures such 
as X-ray, computed tomography, positron emission tomography and magnetic  
resonance imaging, the MoH has commissioned three national medical radiation  
exposure surveys to determine patient dosimetry in hospitals nationwide.  
Although technology and equipment have evolved to become safer and more  
efficient, concerns have been raised on what constituted a safe quantity of radiation  
exposure, with calls for standards and guidelines to be introduced to ensure the 
safety of patients and medical staff.

Therefore, in the past 30 years, MoH has conducted three National Medical  
Radiation Exposure Surveys to monitor trends in radiological practises and to 
update guidelines and safety measures to suit current demands and technological 
advances.

1st National Medical Radiation Exposure Survey (1993-1995)
The initial national dose survey reports for diagnostic radiology practices in  
Malaysia spanning from 1990 to 1994 had been presented in three publications 
[1-3]. These findings were subsequently incorporated into the UNSCEAR 2000  
report. The surveys served as foundational benchmarks, facilitating the assessment  
of usage patterns, trends, standards and the overall clinical service status of  
radiological treatments in Malaysia.

The survey results were also used to support improvements and updates in  
Malaysia’s Quality Assurance Programme (QAP) in diagnostic radiology. The QAP 
in diagnostic radiology was first established in 1985, starting with 14 state hospitals  
and two district hospitals. By 1989, all government hospitals had implemented the 
QAP in their radiology departments.  Subsequently, QAP was introduced to the 
private hospitals.
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2nd National Medical Radiation Exposure Survey (2007-2009)
The MOH carried out a second medical radiation exposure survey involving both 
public and private healthcare institutions from 2007 to 2009 to develop diagnostic  
reference levels (DRLs) in diagnostic radiology, dental radiology and nuclear 
medicine. Data collected were also shared with UNSCEAR. The survey resulted in 
several publications to address quality and safety issues of radiological services in 
Malaysia within the period. 

Additionally, guidelines for establishing national DRLs in both radiology and  
nuclear medicine were formulated in 2013. The 2nd National Dose Survey Report 
was published by MoH in 2008 (https://inis.iaea.org/collection/NCLCollectionStore 
/_Public/45/099/45099981.pdf). In May 2013, the national DRL on radiology and 
nuclear medicine was officially released by the ministry (URL). 

3rd National Medical Radiation Exposure Survey (2022-2024)
The third survey is currently ongoing and has three objectives: (i) To conduct 
a more comprehensive national dose survey; (ii) to update DRLs in diagnostic  
radiology, dental radiology and diagnostic nuclear medicine; and, (iii) to include 
new modalities and hybrid modalities.

Research and Development in Medical Radiation Exposure/ Patient Dosimetry
There are studies carried out by local higher-learning institutions, notably  
Universiti Malaya(UM), Universiti Putra Malaysia (UPM), Universiti Kebangsaan 
Malaysia (UKM),  Universiti Sains Malaysia (USM), etc. These public universities 
have the academic experts who have been actively collaborating with the MoH 
and various hospital managements, as well as related government agencies. Some 
recent publications include patient doses in mammography, CT, paediatric, etc. 
[4-9].  

Additionally, two related edited books were published during this period: "Subject  
Dose in Radiological Imaging.” Ed. K-H Ng, D A Bradley and H M Warren- 
Forward, Elsevier 1998, and “Radiological Safety and Quality: Paradigms in  
Leadership and Innovation” Ed.  L Lau and  K H Ng, Springer 2013. These books 
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are the products of a unique collaboration by experts from leading international, 
regional and national agencies and professional organizations discussing radiation  
doses in imaging and promoting judicious uses to maximize the benefits and  
minimize the risks when using radiation in medicine. 

Current and Planned Activities 
Some 30 years ago, dose measurements were performed in common radiographic  
examinations and medical radiation exposure was surveyed only at selected  
radiology centres. Today, they have been expanded to include all imaging  
modalities and procedures at all healthcare institutions nationwide. Ongoing  
initiatives are conducted to raise awareness and encourage participation 
from multiple stakeholders. The objective is to integrate DRLs into the whole  
optimisation process.

Figure 2. Timeline of medical radiation exposure milestones in Malaysia, along with 
several international key developments.

Supakul N., et al.
ASEAN J Radiol 2024; 25(1) : 65-84



THE ASEAN JOURNAL OF RADIOLOGY

Volume XXV Number I JANUARY-APRIL 202472

ISSN 2672-9393

Professor Seung Eun Jung, representing the Korean Society of Radiology (KCR)

Since 2007, South Korea has embarked on a comprehensive initiative to establish  
and periodically update Diagnostic Reference Levels (DRLs) for radiographic  
procedures, a government-led project spearheaded by the Korean Society of  
Radiology (KSR). This project started with mammography and general  
radiography and expanded to include CT, fluoroscopy, and interventional  
procedures. DRLs were published for chest postero-anterior scanning and  
mammography in 2008, for CT scanning in 2009, for paediatric chest radiography 
in 2010, for general radiography in 2012, and for dental imaging in 2013 [10]. 

Regular updates to the DRLs were recognized as essential for reducing patient 
doses. These updates consider technological advancements and evolving clinical 
practices with a shift from initial phantom measurements to analyzing CT dose 
reports for contemporary data collection.

In mammography, for instance, the average glandular dose observed was 1.36 
mGy in 2007, which slightly increased to 1.6 mGy in 2018 with the introduction 
of Digital Radiography (DR) and subsequently decreased to 1.56 mGy in 2022. 
Similar systematic updates to DRLs for general radiography were implemented in 
2022, incorporating data from numerous medical institutions [11].

For CT scans, the methodology has been refined over the years, starting from 
measurements using phantoms on 2007 to including various protocols and dose 
report collection on 2017 and 2021. By 2021, a total of 7829 CT examinations from 
225 CT scanners had been analyzed [12], providing benchmarks for patient safety 
and guiding dose optimization.

The 2021 survey revealed a slight increase in DRLs for some protocols compared 
to 2017, likely due to the inclusion of more institutions. This finding underscores 
the need for continued vigilance in monitoring DRLs.

The Situation in South Korea
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In terms of interventional procedures, Korea’s DRLs, based on data collection of 
DAP and fluoroscopic time for various procedures, were lower than the average 
and tended to be lower than those of other nations [13].

Emphasizing pediatric radiography, data from seven university hospitals were  
analyzed using automated dose management software to optimize radiation doses  
in pediatric CT scans. The importance of continuous updates to DRLs was  
underscored, advocating for further research and data collection to develop  
national DRLs [14].

Moving toward the future, Korea is integrating advanced electronic systems for 
better dose monitoring and management, such as the Korean National CT Dose 
Index Registry (KNCDR) (Fig 1), which is currently in the pilot phase [15]. This 
transition to automated recording and analysis aims to enhance the effectiveness  
of DRLs and expand their scope to include more imaging modalities and  
procedures, aligning with technological advancements.

Conclusion:
South Korea’s commitment to updating DRLs and integrating advanced electronic  
systems for radiation dose management represents a significant step forward 
in promoting patient safety and adapting to technological advances in medical  
imaging. Sustained efforts and meticulous attention to systematic DRL updates are 
paramount to maintaining progress and effectiveness in optimizing radiographic 
practices.
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Figure 3. An infographic showcasing the Korean National CT Dose Index  
Registry system: the flow diagram highlights the registry's purposes such as setting 
DRLs through the aggregation of nationwide CT dose data and enhancing dose  
management at medical institutions via regular feedback. The process involves data 
collection from various hospitals through an agent system, followed by analysis in 
a central database managed by the Korea Disease Control and Prevention Agency. 
The right side illustrates the continuous setting of DRL with a bar chart comparing 
individual facility doses against the 25th, 50th (median), and 75th percentiles, and 
the established DRL.
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Professor Hui-Yu Tsai, representing Taiwan Radiological Society (TRS), Chinese  
Society of Medical Physics, Taipei

Taiwan's progressive approach in radiological safety and dose optimization 
through the adoption of Diagnostic Reference Levels (DRLs). This initiative  
represents a concerted effort between key regulatory bodies—specifically, the  
Nuclear Safety Commission and the Ministry of Health and Welfare—and  
professional organizations including the Taiwan Radiological Society (TRS), the 
Chinese Society of Medical Physicists in Taipei (CSMPT), and the Taiwan Society 
of Radiological Technologists (TWSRT). This collaboration underscores Taiwan's 
commitment to aligning with the recommendations offered by the International 
Commission on Radiological Protection (ICRP).

The path to improved radiation safety began with extensive quality assurance  
reviews across a spectrum of radiological modalities between 2008 and 2023. These 
efforts laid the groundwork for the creation of both local and national DRLs, marking  
a pivotal advancement in reducing patient exposure during mammography,  
computed tomography (CT), and angio-fluoroscopy. Central to this progress 
has been the meticulous collection of radiological data, which includes a broad 
range of dose metrics such as average glandular dose (AGD), volumetric CT dose  
index (CTDIvol), dose length product (DLP), and incident air kerma rate at the 
patient entrance reference point (Ka,r). This data compilation has been crucial in  
establishing National Diagnostic Reference Levels (NDRLs) [16-19], setting a new 
standard for radiological procedures throughout the country.

To facilitate the widespread adoption and effective implementation of DRLs,  
Taiwan has initiated several guidance [20-23] and education programs. These  
encompass developing standardized operating procedures, fostering hospital  
collaborations, and conducting expert-led seminars and workshops. Aimed at  
cultivating a culture of ongoing improvement, these initiatives strive to integrate 
DRL principles into the core practices of Taiwan's radiological sector, emphasizing  
their essential role in optimizing patient safety and enhancing the quality of  
medical imaging practices.

The Situation in Taiwan
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Looking forward, Taiwan is committed to expanding the scope of NDRLs to  
include a broader array of CT scans and mammography, adapting to diverse breast 
sizes and 3D scans. This diligent endeavor underscores the importance of regular  
data evaluations to align with evolving safety standards, thus emphasizing the  
universal significance of DRLs in advancing medical imaging safety and efficacy.  
Taiwan's proactive measures underscore a long-term commitment to elevating  
radiological standards, spotlighting the necessity of continuous education and 
quality enhancement in radiological safety.

Conclusion:
Taiwan's strategic deployment of DRLs represents a crucial step forward in  
enhancing radiological safety and optimizing dose management. Collaborative  
efforts among government regulators and professional organizations have  
cultivated a comprehensive framework for reducing radiation exposure in  
diagnostic procedures. The diligent gathering and analysis of radiological data 
have been instrumental in establishing National DRLs, guiding medical imaging 
practices toward heightened safety and efficiency. Through the ongoing expansion  
of these standards and a strong focus on education and quality improvement,  
Taiwan actively contributes to the global mission of improving radiological health 
and safety, highlighting the indispensable role of DRLs in fostering superior  
patient care and advocating for continuous progress in the radiological sciences.
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Associate Professor Panruethai Trinavarat, representing the Royal College of Radiol-
ogy of Thailand and Radiological Society of Thailand

The establishment of national DRLs in Thailand was first started by the  
Department of Medical Sciences, Ministry of Public Health (DMSc, MoPH) for 
general and dental radiographs in the fiscal year 2017. Before 2017, a patient dose 
in Thailand was already an issue of concern and had been surveyed in several 
medical schools, but mostly in a single center or in a small group of hospitals, 
for the high dose imaging - particular CT scanning and interventional radiology 
[24-30]. In the year 2018, there were two coincidental projects to survey patient 
doses in CT, one by the DMSc, and the other by a group of radiologists from  
medical schools under the country project THA 6043 supported by the  
International Atomic Energy Agency (IAEA). The ICRP publication 135 has been 
used as the guideline and there were renowned medical physicists from IAEA  
Expert Mission visiting Thailand to enlighten the DRL process and also dose  
management. 

Since 2018, there has been a mutual agreement that the establishment of DRLs 
in Thailand would be mainly conducted by the DMSc with the collaboration of 
medical schools and/or professional organizations to have radiologists, radiologic  
technologists, and medical physicists involved in the DRL process, because 
some imaging procedures and/or patients are somehow complicated and clinical  
subspecialties can help clarify the imaging process and suggest how to fill the dose 
record forms.  

Thai DRLs of mammography were established in 2019 and the DRLs of  
interventional neuroradiology and body interventional radiology procedures were 
established in 2020 with the collaboration between the DMSc, medical schools and 
the Thai Society of Vascular and Interventional Radiology (TSVIR). Since 2021, 
the DMSc started the second round of DRL process.

The Situation in Thailand
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To broaden national and local DRLs to include more imaging modalities and more 
imaging procedures, several professional organizations created their own surveys  
on imaging not having been surveyed by the DMSc. These included DRLs in  
Nuclear Scintigraphs, Cardiac IR procedures, CT angiography in several areas, 
head CT in pediatrics, and more. The DRL results from these surveys have been 
collected and reported together in the published National Diagnostic Reference 
Levels in Thailand (updated 2023) by the DMSc, and can be accessed online from 
the website of the Royal College of Radiologists of Thailand (RCRT) [31], however, 
in a Thai version. 

Besides the manual national and local surveys for DRL establishment, Thailand 
has started dose registry for CT by using dose monitoring software, initiated by 
the country project THA6043 supported by the IAEA. There was a meeting among 
(expecting) participating hospitals to set an agreement on which CT procedures 
were common and should have DRLs. This CT dose registry started its function on 
January 2022, collecting dose data of 14 CT protocol names from 9 participating  
hospitals with the central server at the Office of Atoms for Peace (OAP) who runs 
the project in collaboration with the RCRT. Each participating hospital has got 
feedback every trimester of the hospital’s median CT dose compared to DRLs 
of the group. The hospital(s) using significantly a high CT dose was directedly  
contacted, and the expert team from the RCRT could provide the online  
consultance or even a site visit to help them in optimization. The local DRLs of 
Thai CT dose registry can also be accessed online from the website of the Royal 
College of Radiologists of Thailand (RCRT) in a Thai version [32]. The number of 
participating hospitals will expand from 9 hospitals to 17 hospitals in 2024, and 27 
hospitals in 2025. 

The establishment of pediatric DRLs in Thailand is a big challenge, as the number  
of examinations is quite small relative to the number of the exams in adults, 
and has to be further categorized with age bands. Although Thai local DRLs for  
pediatrics can be established in some modalities and some procedures, they are 
still incomplete and some are partly dominated by data from university hospitals.
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The result of Thai DRLs shows that most of the imaging modalities and procedures 
providing a radiation dose not much different from those reported from other 
countries, but Thailand still has ample opportunities for improvement. There is 
evidence from the first and second rounds of DRL establishment for general  
radiographs that there has been obvious dose rising in chest X-ray from digital 
radiography. Other concerning findings are the relatively high Thai DRLs for adult 
chest CT and adult abdomen-pelvis CT from the national survey, and the high 
DRLs for pediatric head CT from Thai CT dose registry. Thailand has been trying  
to solve these problems through education- to both radiologic technologists 
and radiologists, both in the curriculum and in continuous medical education.  
Initiation of the audit system on patient dose has been raised, but not yet fixed.

This paper was prepared by Associate Professor Nucharin Supakul, Chairperson 
of the AsiaSafe Asian Oceanian Symposia, with the support of Associate Professor 
Wiwatana Tanomkiat, Chairperson of the Ceremonies and Hostesses of RCRT-
RST 2024 and Editor in Chief, ASEAN Journal of Radiology, on the basis of the 
reports and presentations delivered at the symposia by
 1. Professor Kwan Hoong Ng, representing Chairperson of AsiaSafe and the  
  College of Radiology, Academy of Medicine of Malaysia,
 2. Professor Seung Eun Jung, representing the Korean Society of Radiology,
 3. Professor Hui-Yu Tsai, representing the Taiwan Radiologicl Society,  
 4. Associate Professor Panruethai Trinavarat, representing the Royal College  
  of Radiologists of Thailand and the Radiological Society of Thailand.

The paper was provided to the presenters for feedback. It was approved by the  
Associate Professor Nucharin Supakul, AsiaSafe Committee, Asian Oceanian  
Society of Radiology on 22 April 2024.
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